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Chimeric Antigen Receptor (CAR) T cell therapy has 
emerged as a promising therapeutic approach for several 
cancers. Currently, there are six US FDA-approved therapies 
for hematological malignancies, with many ongoing clinical 
trials in solid cancers. Despite the growing interest, the 
widespread use of CAR T cell therapies is restricted due to 
their high cost and manufacturing challenges. Developing 
sensitive and reliable analytic tools to characterize the 
quality attributes (QAs) of the CAR T products and tailor the 
cell expansion process to achieve these QAs can lead to a 
more consistent manufacturing process. 

Here, we demonstrated consistent production of CAR T cells 
using the functionally closed and automated cell 
manufacturing Lonza Cocoon platform, using a novel 
combination of cell analysis parameters during process 
development and for in-process analysis. Cell products were 
sampled during expansion or at the end of production and 
analyzed using the combination of immunophenotypic 
characterization by flow cytometry, real-time live-cell 
metabolic assay using an Agilent Seahorse XF analyzer, and 
a real-time immune cell killing potency assay using the 
impedance-based Agilent xCELLigence RTCA system. 

Introduction 

Figure 2. Characterization of CD19 CAR T cells production in Cocoon system using two different expansion media. A. Cell 
proliferation B. Percent CAR T and differentiation profile using flow cytometer; C. Functional killing potency using RTCA 
system; D. Metabolic fitness using XF Pro system; E. Robust Cell Index of suspension target cells, Raji, after they were 
tethered to the E-Plate 96 using Agilent immunotherapy (IMT) kit. 

Impacts of expansion media on CD19 CAR T-cell products

Experimental
Cells: 
T-47D cells:  breast cancer cell line expressing EpCAM antigens 
on the surface. They were purchased from ATCC.
CAR-T cells: were produced from CD4+/CD8+ enriched T cells, 
which were activated, transduced, and expanded in the Lonza 
Cocoon system for 10 days. 
Workflow: 
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In-process analysis during cell manufacture 

Run 1 Run2 Run 3
0

20

40

60

80

100

Viability of starting material

%
 v

ia
bi

lit
y

Run 1 Run 2 Run 3
0

50

100

T cell differentiation profile

%
 o

f e
ac

h 
su

bs
et

Tn
Tscm

Tcm

Tem

Teff

A

B

C

D

Figure 1. Characterization of the starting material for CAR T-
cell manufacturing across 3 productions using Agilent 
NovoCyte Quanteon flow cytometer. A. Viability B. Immune 
cell subsets C. Key biomarkers for each subpopulation of T 
cells. D. Differentiation profile 

Impacts of cytokines on the EpCAM CAR T-cell products

0 2 4 6 8 10 12
0

10

20

30

40

50

CAR T cell culture expansion (Media)

Manufacturing day

Fo
ld

 V
ia

bl
e 

ce
ll g

ro
w

th

Medium1
Medium 2

2:1 4:1 8:1
0

1000

2000

3000

AUC_48 hours (media)

E:T ratios

AU
C 

of
 %

 c
yt

ol
ys

is

Medium1

Medium2

2:1 4:1 8:1
0

20

40

60

80

KT 50 (media)

E:T ratios

KT
50

 (h
ou

rs
)

Medium 1
Medium 2

Medium 1 Medium 2
0

100

200

300

A
TP

 P
ro

du
ct

io
n 

R
at

e
(p

m
ol

/m
in

/1
x 

10
5  c

el
ls

)

ATP Production Rate
glycoATP

mitoATP

Medium1 Medium 2
0

20

40

60

80

Spare respiratory rate

OC
R 

(p
m

ol
/m

in
/1

0^
5 

ce
lls

)

0

0.5

1

1.5

2

2.5

0 5 10 15 20 25

Ce
ll i

nd
ex

Time (hours)

Cell index of Raji

C.

A.

Day 0 Day 6 Day 8 Day 10
0

10

20

30

40

50

0

20

40

60

80

100

Cell proliferation and %CAR T over time

Fo
ld

 c
ha

ng
e % CAR T-cell

Fold change
% CAR T-cell

B.

1:1 2:1 4:1 8:1
0

1000

2000

3000

4000

5000

AUC_overtime

E:T ratios

AU
C 

of
 %

 c
yt

ol
ys

is

Day 6

Day 8

Day 10

1:1 2:1 4:1 8:1
0

20

40

60

80

KT50_overtime

E:T ratios

KT
50

 (h
ou

rs
)

Day 6
Day 8
Day 10

Day 6 Day 8 Day 10
0

200

400

600

AT
P 

Pr
od

uc
tio

n 
Ra

te
(p

m
ol

/m
in

/1
x 

10
5  c

el
ls

)

mitoATP
glycoATP

Bioenergenic demand

Day 6 Day 8 Day 10
0

20

40

60

80

100

%
  G

lyc
ol

ys
is

Metabolic PoiseSpare Respiratory Capacity

Day 6 Day 8 Day 10
0

20

40

60

80

OC
R

(p
m

ol
/m

in
/1

x 1
05  c

el
ls)

C.

A.

E.

B. C. D.

0 2 4 6 8 10 12
0

10

20

30

40

CAR T cell culture expansion (cytokines)

Manufacturing days

Fo
ld

 v
ia

bl
e 

ce
ll 

gr
ow

th

IL2

IL15

1:1 2:1 4:1 8:1
0

1000

2000

3000

4000

5000

AUC_48 hours (cytokines)

E:T ratios

A
U

C
 o

f %
 c

yt
ol

ys
is

IL2
IL15

1:1 2:1 4:1 8:1
0

20

40

60

KT 50 (cytokines)

E:T ratios

KT
50

 (h
ou

rs
)

IL2
IL15

IL2 IL15
0

50

100

150

200

A
T

P
 P

ro
d

u
ct

io
n

 R
at

e
(p

m
o

l/
m

in
/1

x 
1

0
5
 c

el
ls

)

mitoATP
glycoATP

ATP Production

IL2 IL15
0

10

20

30

40

50

O
C

R
(p

m
ol

/m
in

/1
x 

10
5  c

el
ls

)

Spare Respiratory Capacity

A.

B. D.

Figure 3. Characterization of EpCAM CAR T cells production in Cocoon system using IL2 and IL15 as growth supplements, 
respectively. A. Cell proliferation B. Percent CAR T and differentiation profile using flow cytometer; C. Functional killing 
potency using RTCA system, D. Metabolic fitness using XF Pro system.

Figure 4. Characterization of EpCAM CAR T-cell during manufacturing in Cocoon system. A. Cell proliferation, % CAR T and 
differentiation profile using flow cytometer; B. functional killing potency using RTCA system, C. metabolic fitness using XF Pro 
system.

Cocoon (Lonza)

• High quality and consistent CAR T cell products were manufactured in the Lonza Cocoon platform. 

• Agilent NovoCyte, xCELLigence RTCA, and XF Seahorse instruments provided precise, reproducible, 
sensitive, and reliable results, enabling the evaluation and identification of key factors that influence the 
quality of cell products during process development.

•  The integration of these analytical systems offers complementary solutions, enabling a comprehensive 
characterization of CAR T cells' immunophenotype, functional potency, and metabolic profile during the 
CAR T product life cycle. 

•   In-process analysis during CAR T cell manufacturing is pivotal for gaining valuable insights into the 
optimal harvest time of the CAR T cell products. 
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