
Dilution of MACS GMP T Cell TransAct during a TCT run

Day
Step 
performed Note

Volume 
added (mL)

Volume 
removed (mL)

Total 
volume (mL)

Dilution factor 
process step (1:x)

Dilution 
factor (1:x)

0 Stimulation Initial dilution of TransAct: 1:17.5 70 - 70 1 1

1 Transduction Add virus 30 - 100 1.43 1.43

3 Culture wash Step 1: Remove supernatant - 60 40 -

Step 2: Wash cells 260 - 300 7.5 10.7

Step 3: remove supernatant - 260 40 -

Step 4: resuspend cells for 
culture

160 - 200 5 53.6

5 Feed Add fresh medium and 
increase total volume

50 - 250 1.25 67

6 Feed Replacement of medium 125 125 250 2 134

7 Feed Replacement of 
medium with fresh one

150 150 250 2.5 335

8 Feed Replacement of 
medium with fresh one

150 150 250 2.5 837.5

9 Feed Replacement of 
medium with fresh one

180 180 250 3.57 2,989.9

10 Feed Replacement of 
medium with fresh one

180 180 250 3.57 10,673.9

11 Feed Replacement of 
medium with fresh one

180 180 250 2 38,105.7

12 Final harvest Step 1: Remove supernatant - 180 70 - -

Step 2: Wash cells 230 - 300 4.29 163,473.3

Step 3: Remove supernatant - 230 70 - -

Step 4: Wash cells 230 - 300 4.29 701,300.3

Step 5: Remove supernatant - 230 70 - -

Step 6: Resuspend cells in a total 
volume of 100 mL

30 - 100 1.43 1,002,859.5

Final dilution of MACS GMP T Cell TransAct (for standard process) 1,002,859.5
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Introduction

Conclusion

Automated manufacturing of gene-modi-
fied T cells for adoptive T cell therapy requires 
robust and reproducible processes using 
materials and reagents that fulfill require-
ments for safe application of the cellular 
products. Aiming to streamline the safe and 
robust clinical manufacturing of gene-engi-
neered T cells, we have developed a cGMP-
compliant stimulation reagent, MACS® GMP 
T Cell TransAct™, which allows potent poly-
clonal T cell activation prior to gene modifi-
cation (lenti- and retroviral) without the 
need for feeder cells, and which can be eas-
ily integrated into a closed manufacturing 
process. 
MACS GMP T Cell TransAct is a polymeric 
nanomatrix conjugated to humanized CD3 

and CD28 agonists, which is soluble and can 
be sterile filtered. In contrast to the large 
beads previously used in the field, MACS 
GMP T Cell TransAct presents several advan-
tages: No “de-beading” steps are required, 
resulting in simplification of the manufac-
turing process. As MACS GMP T Cell TransAct 
is soluble, there is no more critical depen-
dence on a bead-to-cell ratio, thus enabling 
more reliable stimulation of T cells over a 
large range of T cell densities.
However, using immunomodulating sub-
stances for the manufacturing of cellular 
products for, e.g., advanced T cell therapies, 
a safety assessment of these reagents is es-
sential to identify potential risks associated 
to their use. 

Here we demonstrate the safe use of MACS 
GMP T Cell TransAct on the automated 
CliniMACS Prodigy Platform using the TCT 
application software.

• A dilution higher than 1:100 of the 
recommended working dilution does 
not activate T cells. 

• After day 6, MACS GMP T Cell TransAct 
has been diluted below its lowest active 
concentration based on dose-response 
curve.

• At the end of the process MACS GMP 
T Cell TransAct is diluted over one million 

(10⁶)–fold, which represents a safety 
assurance level (SAL) of 4 logs. 

• Culture wash is an efficient approach 
to reduce the amount of functional 
MACS GMP T Cell TransAct .

• No stimulation via released MACS 
GMP T Cell TransAct can be seen. 

• T cells stimulated with MACS GMP 
T Cell TransAct are not capable of cross-
stimulating other T cells.

• The immobilized CD28 agonist does 
not show superagonistic behavior.  

Results

The dose-response curve of MACS® GMP 
T Cell TransAct™ shows the concentration-
dependent activation of T cells in TexMACS™ 
GMP Medium. With a dilution higher than 
1:100 typically no activation of T cells was 
observed. Figure 1 shows short-time stimu-
lation (24 h) of PBMCs from 12 donors (each 
in duplicate with defined distribution of 
age and sex) with MACS GMP T Cell 
TransAct. The early activation marker CD69 
was detected by flow cytometry on the
MACSQuant® Analyzer.

Dose-response curve of MACS® GMP T Cell TransAct™1

Residual amounts of MACS® GMP T Cell 
TransAct™ in the culture were calculated 
based on the typical dilution factors result-
ing from a standard manufacturing process 
on the CliniMACS Prodigy®. After day 6, 
MACS GMP T Cell TransAct has been diluted 

below its lowest active concentration based 
on the dose-response curve (table 1). The 
reagent was diluted over one million (10⁶)–
fold, which represents a safety assurance 
level (SAL) of 4 logs. 

Typical dilution of MACS® GMP T Cell TransAct™ 
during a standard CliniMACS Prodigy® TCT run 2

Figure 1

Culture wash is an efficient approach to re-
duce the amount of MACS GMP T Cell 
TransAct in the culture. Functional testing of 
MACS GMP T Cell TransAct in the superna-
tant of cultures by its capacity to stimulate 
unstimulated T cells is shown in figure 1. No 
stimulation via MACS GMP T Cell TransAct 
in the supernatant was observed. Frequen-
cies of CD69+ T cells (A) and CD25+CD69+ 

T cells (B) after stimulation with the super-
natant of previous T cell stimulation and ex-
pansion cultures (obtained from the culture 
at indicated time points) are depicted. Bars 
represent mean values of samples from 4 
donors (each in triplicate). The stimulation 
capacity of the supernatant was analyzed 
after 48 h using the MACSQuant Analyzer.

Functionality in T cell culture supernatant 3

T cells cultured and stimulated for 7 days 
with MACS GMP T Cell TransAct (with or 
without wash) were not capable of cross-
stimulating other T cells. Figure 3 shows the 
frequency of CFSE-positive T cells express-
ing activation markers 48 h after coculture 
with MACS GMP T Cell TransAct–stimulated 
T cells cultured for 7 days and washed on 

the indicated days. Results shown represent 
data of two experiments (each with samples 
from two donors in duplicate). Non-stimu-
lated T cells served as negative control. The 
positive control corresponds to the CFSE-
positive cells stimulated for 48 h with MACS 
GMP T Cell TransAct (standard working dose).

Stimulated T cells do not have 
cross-stimulating capacity 4

Figure 3

Figure 2

Table 1

The CD28 agonist covalently linked to the 
nanomatrix did not show superagonistic 
behavior. Induction of T cell proliferation 
(fig. 4) or cytokine secretion from T cells 
(fig. 5) by monoclonal antibodies or immo-
bilized recombinant humanized agonist 
was performed using the RESTORE assay¹. 
Proliferation was analyzed via CFSE dilution 

5 days after initial stimulation (fig. 4). 
CD3 mAB (OKT3) served as positive control, 
and CD28 mAB (15E3) as negative control. 
Lines represent the mean values from 4 do-
nors (each in duplicate). Cytokine secretion 
was analyzed via MACSplex Cytokine Assay 
24 hours after stimulation (fig. 5). 

No superagonistic behavior of 
immobilized CD28 agonist 5

Figure 5
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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. 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 recom-
mendations of USP <1043> on ancillary materials. The CliniMACS® System components, including Reagents, Tubing Sets, Instruments, and PBS/EDTA Buffer, are designed, manufac-
tured 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. In the US, the CliniMACS Prodigy® T Cell Transduction Pro-
cess is available for research use only. CliniMACS, CliniMACS Prodigy, MACS, the MACS logo, MACSQuant, TexMACS, and TransAct are registered trademarks or trademarks of 
Miltenyi Biotec GmbH and/or its affiliates in various countries worldwide. Copyright © 2017 Miltenyi Biotec GmbH and/or its affiliates. All rights reserved.
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