
We developed a procedure for cultivation and
transduction of CD34+ cells using the
integrated cell-processing platform
CliniMACS Prodigy®. CD34+ cells were
separated from mobilized leukapheresis and
automatically processed within a closed,
single-use tubing set. Processing steps
included pre-stimulation, cultivation, lentiviral
transduction, and harvesting of the gene-

modified CD34+ cells. A specific software
application – the hematopoietic stem cell
engineering (HSCE) process – was developed
that offers the user the possibility of adapting
specific parameters, e.g., culture volume,
shaker types, and number of transduction hits
(fig. 1).

For quality control of the cell product, the
cells were applied to different downstream
assays: (1) liquid culture until day 5, (2) CFU
assay, and (3) vector copy number (VCN)
analysis. Using the low, non-saturating MOI of
30, the transduction efficiency measured by

flow cytometry on day 5 was on average 39%
for the CliniMACS Prodigy and 26% for the
manual process (fig. 3). An MOI of 100
resulted in an average transduction efficiency
of 62% for the CliniMACS Prodigy and 60%
for the manual process.
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Hematopoietic stem cells (HSCs) are an
important source for cell-based therapies and
can be genetically modified to treat blood
disorders such as primary immunodeficiencies
and hemoglobinopathies. Currently, clinical
protocols for the transduction of CD34+ cells
comprise many open handling steps and are
error prone and labor intensive. As a result,
these protocols are difficult to upscale and
generate high variability. These drawbacks
overall pose a higher risk for the formulation
of the final cell product, which can be
compensated only by intense personnel
training. In order to address these issues that
hamper the wider application of gene
therapies, automated solutions need to be
developed that could significantly maximize

the potential of these approaches by
simultaneously providing a platform of
predictable outcomes and a system to
perform good manufacturing practice (GMP)-
compliant processes. To this end, Miltenyi
Biotec had previously developed the
CliniMACS Prodigy® as a closed, GMP-
compliant system for T cell transduction. Here
we present results of large-scale lentiviral
transductions of hematopoietic stem cells
performed on the CliniMACS Prodigy in
terms of efficiency of the procedures and
viability of the end product, compared to the
“classical” manual transductions that are
executed with open handling steps.

After pre-activation of HSCs with cytokines on
the CliniMACS Prodigy or in manual
experiments (24-well plates), the CD34+ cells
were transduced with lentiviral vector
encoding GFP at an MOI of 30 or 100.
Afterwards, transduced cells were harvested

and the CD34+ cell product was analyzed.
Recovery of the CD34+ cells (fig. 2) cultured
on the CliniMACS Prodigy amounted to 106%
on average and showed a significantly lower
variability (SD: 12.7) compared to the manual
process (SD: 33.5).

Analysis of the CFU assay confirmed the
higher transduction efficiency of the
CliniMACS Prodigy process (fig. 4A) with a
significant increase from an average of 30%
(manual) to 57% (CliniMACS Prodigy) at an
MOI of 30 (fig. 4B). At the MOI of 100, the
transduction efficiency was on average 70%
for the CliniMACS Prodigy and 60% for the
manual process (fig. 4B). In terms of total
colony count, the number of CFU colonies

generated from the CliniMACS Prodigy was
80 vs 65 for the manual process when an MOI
of 30 was utilized, and an average of 40 from
the CliniMACS Prodigy vs 38 for the manual
process when an MOI of 100 was utilized
(data not shown). Furthermore, the average
VCN was 1.9 and 2.2 (MOI 30) and 3.4 and 3.2
(MOI 100) for cells from the manual
procedure and the CliniMACS Prodigy,
respectively (fig. 5).
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• With regard to the recovery of CD34+ cells after transduction, the process of the CliniMACS
Prodigy® resulted in a significantly lower variability compared to the manual process and 
generates higher transduction rates at low, non-saturating MOIs.

• Automated cell processing and genetic manipulation of HSCs can be performed efficiently in 
a closed system with minimal user interaction.
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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 as a Humanitarian Use Device (HUD), authorized by U.S. Federal law for use in the treatment of patients with
acute myeloid leukemia (AML) in first complete remission. The effectiveness of the device for this indication has not been demonstrated. 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.
CliniMACS, CliniMACS Prodigy, MACS, and the the MACS logo are registered trademarks or trademarks of Miltenyi Biotec B.V. & Co. KG and/or its affiliates in various countries worldwide. Copyright © 2019 Miltenyi Biotec B.V. & Co. KG and/or its affiliates. All rights reserved.
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