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Development of engineering improved CAR-T cells 
via a RetroNectin®-G-Rex manufacturing platform
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TGF-β is a key immunosuppressive cytokine in the tumor 

microenvironment, promoting immune evasion and cancer 

progression. Conventional strategies employ a dominant-

negative TGFβRⅡ (dnTGFβRⅡ) lacking the signaling domain 

to block TGF-β signaling; however, its low affinity for TGF-β2 

limits its efficiency. 

To address this, we engineered a chimeric receptor combining 

dnTGFβRⅡ with the high-affinity orphan domain of TGFβRⅢ, 

enhancing inhibition of both TGF-β1 and TGF-β2 pathways.
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Multiple steps and culture bags required...

Feed Medium

RetroNectin & anti-CD3-Ab(OKT3)-coated G-Rex
       or
RetroNectin-coated G-Rex + T cell activator (e.g. CD3/CD28 beads)

Conventional CAR-T cell manufacturing

✓ Simultaneous stimulation and infection!

✓ CAR-T cell manufacturing is completed in a single vessel with only three process days!
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CAR-T cells

The streamlined manufacturing

RetroNectin®

Enhanced gene transduction and T cell expansion

- RetroNectin reagent is a recombinant human fibronectin 
fragment (rFN-CH-296) that contains three functional domains: 
the cell-binding domain, the heparin-binding domain, and the 
CS-1 sequence.

- T cells are conventionally expanded in the presence of  
interleukin-2 (IL-2) by stimulation with anti-CD3 antibody. The 
addition of RetroNectin in this stimulation step dramatically 
enhances T-cell expansion and also facilitates viral vector-
mediated gene transfer, resulting in improved transduction 
efficiency.

RetroNectin GMP grade is registered in the FDA 
DMF (No.18898)

RetroNectin Pro (code# T101)

 RetroNectin Pro is a cost-effective new product released in 2024.

RetroNectin®

GMP grade

(code# T202)

Anti-CD3 mAb

(clone: OKT-3)

 GMP grade

(code# T210)

High quality is assured as a recombinant protein required 
for the manufacture of regenerative medical products.

• The bottom surface is made of a gas-permeable 
membrane, 
allowing high-density culture of non-adherent cells.

• No stirring or special equipment is required.

• A large volume of culture medium can be added, 
eliminating the need for medium exchange.

G-Rex® Bioreactor
（Wilson Wolf）

The use of G-Rex in cell manufacturing has been increasing

～ Core materials for this study ～

CAR-T cell manufacturing process using G-Rex system
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 Transduction Efficiency : RN/OKT3 > RN + CD3/CD28 beads > CD3/CD28 beads

 RN enabled to perform higher transduction efficiency at low MOI.

 RN coating enabled high transduction efficiency on Day 0 comparable to that achieved on Day 1.

We investigated the optimal infection timing and multiplicity of infection (MOI) of lentiviral vectors to produce CAR- T cells 
using G-Rex. 
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Large-scale cell production and in vivo anti-tumor test
To further simplify the manufacturing process, the culture medium was added to its maximum volume on day 2.
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T cell set up conditions
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in vivo antitumor activity

 RetroNectin/OKT3-coated G-Rex enabled the production of high-quality CAR-T cells without 

additional T-cell activators.
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Enhancing CAR-T cell function in the 
immunosuppressive tumor microenvironment 

TGF-β1/TGF-β2Tumor

dnTGFβRⅡ

novel receptor

Orphan domain of 
TGFβRⅢ

immunosuppression

TGFβRⅡ expression

0

200

400

600

800

1,000

T
G

F
-β

1
 (

p
g

/m
L
)

T
G

F
-β

2
 (

p
g

/m
L
)

0

200

400

600

800

1,000

1,200

TGF-β1/2 binding

Recombinant TGF-β1/2

CAR-T cells

TGF-β1/2 ELISA of culture supernatant

LV
T cells

Day 0

G-Rex
24 well plate

2 7

Feed Half
medium 
change

Harvest

10

RetroNectin🄬/
OKT-3 stim.
& LV Td.

5’LTR MNDp Δ3’LTRΨ RRE cPPT transgene WPRE

anti MSLN-CAR
2
A

Orphan domain dnTGFβRⅡR3OR2

ΔLNGFR

CAR only

anti MSLN-CAR
2
A

dnTGFβRⅡ

anti MSLN-CAR
2
A

ΔLNGFR

anti MSLN-CAR

dnTGFβRⅡ

Cytotoxic activity

xCelligence RTCA MP 
(Agilent)

Tumor Alone

NGMC

CAR only

R3OR2

dnTGFβRⅡ ***
***

*

Data are presented as mean ± SEM.
Statistical analysis was performed using one-way ANOVA followed by Tukey’s multiple comparison test. 
CARonly vs dnTGFBR2: ***p<0.001; CARonly vs R3OR2: ***p<0.001; R3OR2 vs dnTGFBR2: *p<0.05.

Transduction efficiency

Harvest

CAR expression

CAR-T cell therapy has demonstrated remarkable efficacy in hematologic malignancies; however, current autologous CAR-T cell manufacturing remains complex, costly, and prone to failure. To address this, we established a 

simplified CAR-T production method by integrating RetroNectin with the G-Rex gas-permeable bioreactor. RetroNectin facilitates T-cell activation and gene transduction, while G-Rex enables high-density, scalable expansion. Their 

combination allowed simultaneous activation and lentiviral transduction, reducing virus usage and labor while significantly enhancing cell expansion compared with conventional methods.

To further improve CAR-T cell function in solid tumors, we developed a novel TGF-β-capturing receptor by fusing dominant-negative TGFβRII with the high-affinity orphan domain of TGFβRIII. This receptor efficiently captured TGF-

β1 and TGF-β2, enhancing CAR-T cell responsiveness under immunosuppressive conditions. Overall, the RetroNectin-G-Rex platform enables a rapid, simplified three-step CAR-T manufacturing process, and the TGF-β-capturing 

receptor co-expressed with CAR represents a promising strategy to overcome TME-mediated immunosuppression in solid tumors.
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We evaluated the cytotoxic activity of MSLN-CAR-T cells co-expressing the optimized TGF-β resistance receptor, along with 
CAR expression, receptor co-expression, and TGF-β binding capacity.

 RetroNectin-G-Rex platform efficiently enhanced gene transduction and T cell expansion, 

enabling rapid CAR-T cell manufacturing.

 The streamlined process allowed simultaneous T cell stimulation and lentiviral transduction, 

completing CAR-T cell production within a single vessel in only three steps.

 The improved TGF-β receptor efficiently captured both TGF-β1 and TGF-β2 while 

maintaining receptor expression levels comparable to the conventional receptor.

 CAR-T cells co-expressing the improved receptor exhibited enhanced cytotoxic activity 

against TGF-β2-producing tumor cells in vitro and in vivo.

pLVpro2-Km vector (code #6977～6981)

The pLVpro2 vector enables the production of high-titer 

lentiviral vectors than original pLVpro vector!

TGF-β2 producing AsPC-1

To demonstrate resistance not only to TGF-β1 but also to TGF-β2, 

we established a TGF-β2–producing AsPC-1 cell line, as AsPC-1 cells are known to 

produce TGF-β1. 

Introduction of the TGF-β2 gene with C226D/C228D mutations increased the 

production of active TGF-β2. This engineered cell line was subsequently used as a 

model system for in vitro and in vivo cytotoxicity assays.
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 CAR-T cells co-expressing a novel improved TGF-β receptor showed receptor expression levels comparable to 

those with the conventional  receptor but exhibited higher TGF-β binding capacity.

 Improved receptor-co-expressing CAR-T cells demonstrated enhanced cytotoxic activity against a TGF-β2-

producing cell line compared with conventional receptor-co-expressing CAR-T cells, both in vitro and in vivo.
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