
Supplemental Methods 

Purified recombinant FAP extracellular domain. HEK293 cells expressing a His- and flag-

tagged extracellular domain (ECD) of murine FAP was generously provided by Dr. Jonathan 

Cheng (FCCC, Philadelphia).1  Recombinant FAP-ECD was purified from serum free culture 

supernatants using nickel-NTA affinity chromatography and purity monitored by SDS-PAGE.   

Synthesis of two first generation anti-muFAP CAR constructs. Two additional FAP-CAR 

constructs were synthesized with a single intracellular CD3ζ signaling domain, in order to 

determine the importance of the costimulatory domains of the two second generation constructs 

(73.3-hBBz and 73.3-m28z). The VH and VL sequences of 73.3 anti-muFAP scFv were coupled 

with a human CD8α hinge, plus a CD8α transmembrane domain and a CD3ζ intracellular 

signaling domain of either human or mouse origin. This CAR was then inserted into MSGV 

retroviral vector (Suppl. Fig. 3C and 3D).  

 

Isolation, Transduction and Expansion of Primary Mouse T lymphocytes Primary murine 

splenic T cells were isolated and transduced using the “Pan T cell Negative Selection” kit as 

suggested by the manufacturer (Miltenyi Biotec), and incubated in 24-well plates (4×106 

cells/well in 2 mL supplemented RPMI-1640 with 100 U/mL IL-2) pre-coated with α-CD3 (1 

μg/mL) and α-CD28 (2 μg/mL). After 48 hours, cells (1x106 cells/well) were mixed with 

retrovirus (1 mL crude viral supernatant) in a 24-well plate coated with Retronectin (50 μg/mL; 

Clontech) and centrifuged, without braking, at room temperature for 45 minutes at 1200g.  After 

overnight incubation, cells were expanded with 50 U/mL of IL-2 for additional 48 hours. 



Antibodies Used.  Purified anti-mouse CD3ε (145-2C11) and anti-mouse CD28 (37.51) 

antibodies, anti-mouse CD16/32 (Clone 93; purified) Fc block, as well as APC-conjugated anti-

Thy1.1 antibody (Clone HIS51) were purchased from eBioscience. Anti-CD45 (Clone 30-F11; 

PE-Cy7) and anti-CD90 (Clone 53-2.1; FITC, PE) antibodies were purchased from Biolegend. 

APC-conjugated anti-CD8α (Clone 53-6.7) and PE-conjugated anti-CD69 (Clone H1.2F3), PE-

conjugated anti-TNF (Clone MP6-XT22) and PE-conjugated anti-IFNγ (Clone XMG1.2) 

antibodies were purchased from BD Bioscience. PE-conjugated H-2Db tetramer loaded with E7 

peptide (RAHYNIVTF) was obtained from the National Institute of Allergy and Infectious 

Diseases Tetramer Core. APC-conjugated H-2Kb tetramer loaded with ovalbumin peptide 

(SIINFEKEL) was obtained from iTagTM MHC Tetramer (Beckman Coulter). The specificity of 

polyclonal sheep-anti-human/mouse FAP antibody (R&D) was verified using tumors derived 

from FAP-null mice37. Anti-phospho-ERK (Clone 197G2), anti-phospho-IKKα/β (Clone 16A6), 

and anti-phospho-AKT (Clone D9E) were purchased from Cell Signaling Technology, Inc 

(Danvers, MA). 

Antibody affinity measurements. A Biacore T200 (GE Healthcare) was used to measure the 

kinetics of the interaction between anti-FAP mAb 73.3 (MW: 150,000 Da) and purified 

recombinant FAP-ECD (95,000 Da) from rFAP-ECD transfected HEK293T cells.1  The anti-

FAP antibody was immobilized on a S-series CM5 chip via an antibody capture method to an 

average density of ~20 RU (experiment 1).  Briefly anti-mouse IgG mAb was immobilized to a 

CM5 sensor chip using standard amine-coupling chemistry. The carboxymethyl dextran surface 

was activated with a 7-min injection at 10 μl/min of a 1:1 ratio of 0.4 M 1-ethy-3-(3-

dimethylaminopropyl)carbodiimide hydrochloride/0.1 M N-hydroxy succinimide. Coupling of 

anti-mouse IgG mAb to the chip surface was achieved with a 7-min injection at 10 μl/min of 



mAb at 30 μg/ml in 10 mM sodium acetate, pH 4.0. The immobilization procedure was 

completed by a 7-min injection (10 μl/min) of 1 M ethanolamine (pH 8.5) to deactivate residual 

reactive sites. At least one of the flow cells on the chip was used as “reference surface.” This 

surface was prepared by subjecting a surface to the amine coupling procedure of anti-mouse IgG, 

but was not subjected to ligand capture during the binding experiments.  

All biosensor binding experiments were performed in PBST (10 mM NaH2PO4, 147 mM 

NaCl, 2.7 mM KCl, and 0.05% surfactant P20, pH 7.4) running buffer at 25 °C. To generate the 

binding data, a series of concentrations of rFAP-ECD, typically ranging from 0.4 to 50 nM were 

injected over immobilized anti-FAP at a constant flow rate of 30 μl/min for 3 min. Analyte 

dissociation was then monitored by injecting PBST running buffer for 10 min. Surface 

regeneration was achieved by injecting 10 mM glycine pH 1.7 at a flow rate of 30 ul/min for 3 

minutes, followed by a stabilization period of 1 minute in running buffer. All Biacore 

sensorgrams were processed using Biacore evaluation software.  Sensograms were first zeroed 

on the y axis and bulk refractive index changes were removed by subtracting the reference flow 

cell responses. The ka and kd from the processed data sets by globally fitting to a 1:1 

biomolecular binding model that included the mass transport term. The KD was calculated from 

the quotient kd/ka. 

CD69 assay. Two million mouse FAP-CAR T cells in a volume of 1 mL were exposed to 6 

million 4.5 μm beads coated with either BSA, FAP or anti-CD3ε/anti-CD28 antibodies. Eighteen 

hours after incubation, cells were washed and stained with anti-CD69, anti-CD8 and anti-CD4. 

Expression of CD69 following antigen stimulation was analyzed with flow cytometry. 

Intracellular Staining. Tumor digests were also used to determine number of TNF and IFNγ-



producing tumor infiltrating T cells, as well as number of OVA- or E7-specific CD8 T cells in 

tumors. To stain intracellular TNF or IFNγ, single cell suspensions were blocked with anti-Fc 

receptor antibody, and then stained with fluorochrome-labeled antibodies for surface markers at 

4°C for 20 min. Cells were then washed and resuspended with another viability probe Aqua 

Dead Cell Stain (Life Technologies, Grand Island, NY). After 30 minutes of incubation, cells 

were then fixed and permeabilized for another 45 minutes at 4°C, followed by staining with anti-

TNF and anti-IFNγ antibodies. 

 

Animals. Pathogen-free C57BL/6 mice, hybrid (C57BL/6 female x 129pf/j male F1) mice, 

NOD/SCID/IL2 receptor γ2 chain knockout (NSG), and BALB/c mice were purchased from 

Charles River Laboratories Inc. (Wilmington, MA), Jackson Labs (Bar Harbor, ME) and 

Children’s Hospital of Philadelphia Barrier Production  Facility (Philadelphia, PA) respectively. 

DGKζ knockout43 and Thy1.1 congenic C57BL/6 mice mice were a gift from Dr. Gary 

Koretzky, University of Pennsylvania, and Dr. Wayne Hancock, Children’s Hospital of 

Philadelphia, respectively. FAP-null mice (FapLacZ/LacZ)39 were obtained from W.J. Rettig and A. 

Schnapp (Boehringer Ingelheim Pharma KG, Ingelheim, Germany) and backcrossed 12 

generations to C57BL/6. Animals used for all experiments were female mice between 6 and 12 

weeks old, and were housed in pathogen-free animal facilities.  All protocols were approved by 

the Animal Use Committee and were in compliance with the guide and care and use of animals.  
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