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Scientific publications 

CAR T cells
Blaeschke, F. et al. (2018) Induction of a central memory 
and stem cell memory phenotype in functionally active 
CD4+ and CD8+ CAR T cells produced in an automated 
good manufacturing practice system for the treatment 
of CD19+ acute lymphoblastic leukemia. 
Cancer Immunol Immunother. 
https://doi.org/10.1007/s00262-018-2155-7
Partly automated GMP-generation of CAR T cells from 
critically small blood samples was feasible with a new 
stimulation protocol that leads to high functionality and 
expansion potential, balanced CD4/CD8 ratios and a 
conversion to a Tcm/Tscm phenotype.

Zhu, F. et al. (2018) Closed-system manufacturing of 
CD19 and dual-targeted CD20/19 chimeric antigen 
receptor T cells using the CliniMACS Prodigy device at 
an academic medical center. Cytotherapy. 20: 394–406. 
https://doi.org/10.1016/j.jcyt.2017.09.005
The CliniMACS Prodigy device, tubing set TS520 and TCT 
software allow CAR T cells to be manufactured in a closed 
system at the treatment site without need for clean-room 
facilities and related infrastructure.

Lock, D. et al. (2017) Automated manufacturing of 
potent CD20-directed chimeric antigen receptor T cells 
for clinical use. Hum Gene Ther. 28: 914–925.
https://doi.org/10.1089/hum.2017.111
Automated cGMP-compliant process on the CliniMACS 
Prodigy reliably produces a therapeutic dose of anti-
CD20 specific CAR T cells, starting from healthy or patient 
material and independent of operator or device. 

Priesner, C. et al. (2016) Automated enrichment, 
transduction and expansion of clinical-scale CD62L+  
T cells for manufacturing of GTMPs.  
Hum Gene Ther. 27: 860–869.
https://doi.org/10.1089/hum.2016.091 
Proof of principle in clinical-scale selection, stimulation, 
transduction and expansion of T cells using the automated 
closed CliniMACS Prodigy system.

Mock, U. et al. (2016) Automated manufacturing 
of chimeric antigen receptor T cells for adoptive 
immunotherapy using CliniMACS Prodigy.  
Cytotherapy 18: 1002–11.
https://doi.org/10.1016/j.jcyt.2016.05.009 
The feasibility of CliniMACS Prodigy for T cell transduction 
is demonstrated with automated generation of CD19-CAR+ 
T cells in clinically relevant doses, including studies on the 
confirmation of in vitro and in vivo efficacy of the product.

Virus- / Antigen-specific T cells
Kállay, K. et al. (2018) Early experience with CliniMACS 
Prodigy CCS (IFN-gamma) System in selection of 
virus-specific T cells from third-party donors for 
pediatric patients with severe viral infections after 
hematopoietic stem cell transplantation.  
J Immunother. 41: 158–163. 
https://doi.org/10.1097/CJI.0000000000000197
Virus-specific T cell therapy implemented by the CliniMACS 
Prodigy CCS (IFN-gamma) System is an automated, fast, 
safe, and probably effective way to control resistant 
viral diseases after pediatric hematopoietic stem cell 
transplantation.

Kim, N. et al. (2018) Robust production of
cytomegalovirus pp65-specific T cells using a fully 
automated IFN-γ Cytokine Capture System.  
Transfus Med Hemother. 45: 13–22.
https://doi.org/10.1159/000479238
The findings reported here suggest that the IFN-γ CCS by 
the CliniMACS Prodigy is a simple and robust approach 
to produce CMV-CTLs, which may be applicable for the 
treatment of clinically urgent CMV-related diseases.

Pello, O. M. et al. (2017) BKV-specific T cells in  
the treatment of severe refractory hemorrhagic  
cystitis after HLA-haploidentical hematopoietic  
cell transplantation. Eur J Haematol. 98: 632–634. 
https://doi.org/10.1111/ejh.12848 
Use of products enriched with BKV-specific T cells 
generated using CliniMACS Prodigy and the Cytokine 
Capture System is safe and efficient in HLA-haploidentical 
HCT where BKV cystitis can be a serious complication.



Priesner, C. et al. (2016) Comparative analysis of clinical-
scale IFN-γ-positive T cell enrichment using partially 
and fully integrated platforms. Fron. Immunol. 7: 393.
https://doi.org/10.3389/fimmu.2016.00393
The manufacturing process on the CliniMACS Prodigy® 
saved development and hands-on time due to its higher 
process integration and ability for unattended operation.

Kumaresan, P. et al. (2015) Automated cell enrichment 
of cytomegalovirus-specific T cells for clinical 
applications using the cytokine-capture system.  
J Vis Exp. 104. (Video)
https://doi.org/10.3791/52808
The goal of this protocol is to manufacture pathogen-
specific clinical-grade T cells using a bench-top, automated, 
second generation cell enrichment device that incorporates 
a closed cytokine capture system and does not require 
dedicated staff or use of a GMP facility.

Bunos, M. et al. (2015) Automated isolation of primary 
antigen-specific T cells from donor lymphocyte 
concentrates: results of a feasibility exercise.  
Vox Sang. 109: 387–93. 
https://doi.org/10.1111/vox.12291 
The CCS protocol on CliniMACS Prodigy is unrestrictedly 
functional. It runs fully automatically beyond set-up and 
thus markedly reduces labor. The quality of the products 
generated is similar to products generated with CliniMACS 
Plus. The automatic system is thus suitable for routine 
clinical application.

CD34+ and CD45RA+ cells
Mueller, N. et al. (2018) Generation of alloreactivity-
reduced donor lymphocyte products retaining  
memory function by fully automatic depletion of 
CD45RA-positive cells.  
Cytotherapy. 20: 532–542. 
https://doi.org/10.1016/j.jcyt.2018.01.006
The novel, closed, fully GMP-compatible process on 
CliniMACS Prodigy generates highly CD45RA-depleted 
cellular products predicted to be clinically meaningfully 
depleted of GvH reactivity.

Bateman, C. et al. (2017) Results of using automated 
CliniMACS Prodigy for CD34 selection from mobilized 
peripheral blood stem cell products. Blood. 130: 3201.
http://www.bloodjournal.org/content/130/Suppl_1/3201
Results suggest that the CliniMACS Prodigy can be used for 
the routine clinical application of CD34 selection to HSCT 
products.

Ishida, T. et al. (2016) Multiple allogeneic progenitors 
in combination function as a unit to support early 
transient hematopoiesis in transplantation.  
J. Exp. Med. 213: 1865–80.
https://doi.org/10.1084/jem.20151493
The CliniMACS Prodigy, an all-in-one cell-processing 
instrument, efficiently harvested viable mononuclear cells 
(MNCs) after protocol optimization, and viable CD34+ cells 
as well from frozen UCB cells.

Hümmer, C. et al. (2016) Automation of cellular therapy 
product manufacturing: results of a split validation 
comparing CD34 selection of peripheral blood stem cell 
apheresis product with a semi-manual vs. an automatic 
procedure. J Transl. Med. 14: 76. 
https://doi.org/10.1186/s12967-016-0826-8 
The CliniMACS Prodigy is shown to be suitable to perform 
CD34 selection to validation products met a pre-defined 
specification.

Stroncek, D. F. et al. (2016) Preliminary evaluation of 
a highly automated instrument for the selection of 
CD34+ cells from mobilized peripheral blood stem cell 
concentrates. Transfusion. 56: 511. 
https://doi.org/10.1111/trf.13394 
CD34+ cells can be effectively selected from mobilized PBSC 
concentrates with the CliniMACS Prodigy.

NK cells
Klöß, S. et al. (2017) Optimization of human NK cell 
manufacturing: fully automated separation, improved 
ex vivo expansion using IL-21 with autologous feeder 
cells, and generation of anti-CD123-CAR-expressing 
effector cells. Hum Gene Ther. 28: 897–913.
https://doi.org/10.1089/hum.2017.157 
Fully automated one-step separation of NK CD56+CD3– 
cells using the CliniMACS Prodigy is shown, starting with 
approximately 1.2 × 10⁹ leukocytes collected by small-scale 
lymphapheresis or from buffy coats.

Granzin, M. et al. (2015) Fully automated expansion 
and activation of clinical-grade natural killer cells for 
adoptive immunotherapy. Cytotherapy 17: 621–31.
https://doi.org/10.1016/j.jcyt.2015.03.611 
The automation of the entire NK cell expansion process 
presented in the present report represents a novel 
procedure with the use of a single instrument that  
allows for the efficient production of clinical-grade  
NK effector cells.

Miscellaneous
Fraser, A. R. et al. (2017) Development, functional 
characterization and validation of methodology 
for GMP-compliant manufacture of phagocytic 
macrophages: a novel cellular therapeutic for liver 
cirrhosis. Cytotherapy 19: 1113–1124.
https://doi.org/10.1016/j.jcyt.2017.05.009 
Large-scale, GMP-compliant, autologous macrophage cell 
therapy product for the potential treatment of cirrhosis.

Skorska, A. et al. (2017) GMP-conformant on-site 
manufacturing of a CD133+ stem cell product for 
cardiovascular regeneration. Stem Cell Res Ther. 8: 33.
https://doi.org/10.1186/s13287-016-0467-0
Automatic manufacturing of a CD133+ cell product within 
few hours in compliance with EU guidelines for Good 
Manufacturing Practice.
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Miltenyi Biotec provides products and services worldwide. Visit www.miltenyibiotec.com/local to find your nearest Miltenyi Biotec contact.

Unless otherwise specifically indicated, Miltenyi Biotec products and services are for research use only and not for therapeutic or diagnostic use. MACS® GMP 
Products are for research use and ex vivo cell culture processing only, and are not intended for human in vivo applications. For regulatory status in the USA, 
please contact your local representative. MACS GMP Products are manufactured and tested under a quality system certified to ISO 13485 and are in 
compliance with relevant GMP guidelines. They are designed following the recommendations of USP <1043> on ancillary materials. 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.
The CliniMACS Product Line is 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. 
In the US, the CliniMACS Prodigy® T Cell Transduction Process is available for research use only. 
CliniMACS Plus, CliniMACS Prodigy, and the MACS logo are registered trademarks or trademarks of Miltenyi Biotec GmbH and/or its affiliates in various 
countries worldwide. Copyright © 2018 Miltenyi Biotec GmbH and/or its affiliates. All rights reserved.

Reviews
Walker, A. et al. (2016) Commercialization  
of cellular immunotherapies for cancer. 
Biochemical Society Transactions. 44: 329–332.
https://10.1042/BST20150240 

Levine, B. L. et al. (2016) Global manufacturing  
of CAR T cell therapy. 
Mol Ther Methods Clin Dev. 4: 92–101.
https://10.1016/j.omtm.2016.12.006

Wang, X. et al. (2016) Clinical manufacturing  
of CAR T cells: foundation of a promising therapy. 
Molecular Therapy – Oncolytics 3.
https://10.1038/mto.2016.15

Tarnowski, J. et al. (2017) Delivering advanced 
therapies: the big pharma approach. 
Gene Therapy. 24: 593–598.
https://10.1038/gt.2017.65

The key to unlocking CARs. Editorial (2017) 
Nature Biotechnology 35: 889.
https://www.nature.com/articles/nbt.3993

E-Journals
The evolving role of automation in CAR-T cell 
commercialization. 
(2017) Cell Gene Therapy Insights. 3: 677–681. 
https://10.18609/cgti.2017.070

The new cold standard in cellular therapy. 
(2017) Medcision.
https://www.medcision.com/cold-standard-cellular-therapy/

GMP – Stem cell isolation according to “Good 
Manufacturing Practice” and “Codes of Good Practice” 
(GFP) for material procurement. (2017) Reference and 
Translation Center for Cardiac Stem Cell Therapy (RTC). 
http://www.cardiac-stemcell-therapy.com/herstellung_en.php

This lab-in-a-box could make gene therapy less elitist. 
(2017) MIT Technology Review.
https://www.technologyreview.com/s/603762/this-lab-in-a-
box-could-make-gene-therapy-less-elitist/

Supplement: Treating “solid” tumors with CAR T cells. 
(2016) GEN.
http://www.genengnews.com/gen-articles/supplement-
treating-solid-tumors-with-car-t-cells/5912

Will cell and gene therapies reach a tipping point? 
(2017) GEN.  
http://www.genengnews.com/gen-exclusives/will-cell-and-
gene-therapies-reach-a-tipping-point/77900971

Autologous CAR T cell manufacturing: current standing 
and future directions. (2017) GEN. 
http://www.genengnews.com/gen-exclusives/autologous-
car-t-cell-manufacturing-current-standing-and-future-
directions/77900982

Cancer breakthroughs can quickly become tomorrow’s 
also-ran. (2017) Bloomberg News. 
https://www.bloomberg.com/news/articles/2017-09-01/today-
s-miracle-is-tomorrow-s-also-ran-in-hottest-cancer-field

Point-of-care gene therapy is out of the box. (2016) GEN.
http://www.genengnews.com/gen-news-highlights/point-of-
care-gene-therapy-is-out-of-the-box/81253344

A critical look at CAR T therapeutics. (2016) Phacilitate SIG.
https://phacilitate-sig.com/a-critical-look-at-car-t-therapeutics/

Press releases
Medical College of Wisconsin (2018). CAR T cell 
immunotherapy clinical trial cancer patient in remission; 
first-in-the-world cancer treatment shows promise. 
https://newsroom.mcw.edu/news-articles/cart-cell-
immunotherapy-clinical-trial-cancer-patient-in-remission

Autolus (2018). Autolus and Miltenyi Biotec sign strategic 
supply agreement. 
https://www.autolus.com/news-and-events/press-releases/autolus-
and-miltenyi-biotec-sign-strategic-supply-agreement
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