
www.sciencetranslationalmedicine.org/cgi/content/full/5/215/215ra172/DC1 

 

 

 

Supplementary Materials for 
 

PD-1– and CTLA-4–Based Inhibitory Chimeric Antigen Receptors 

(iCARs) Divert Off-Target Immunotherapy Responses 
 

Victor D. Fedorov, Maria Themeli, Michel Sadelain* 

 
 

*Corresponding author. E-mail: m-sadelain@ski.mskcc.org 

 

Published 11 December 2013, Sci. Transl. Med. 5, 215ra172 (2013) 

DOI: 10.1126/scitranslmed.3006597 

 

This PDF file includes: 

 

Fig. S1. CTLA-4 iCAR cell surface expression is increased after T cell activation. 

Fig. S2. iCAR-P bind to PSMA-expressing cells. 

Fig. S3. Allogeneic reactivity model using iPS-derived fibroblasts and isogenic 

moDCs. 

Fig. S4. Potent reactivity of iCAR-transduced primary human T cells against 

allogeneic iPS-derived fibroblasts. 

Fig. S5. Transduction and sorting strategy of iCAR or 19-28z/iCAR T cells. 

Fig. S6. Sorting strategy of low/high iCAR–expressing T cells and PSMA-

expressing iPS fibroblasts. 

Fig. S7. iCARs inhibit 19-28z–driven human T cell cytokine release and 

proliferation. 

Fig. S8. Basal expression of iCARs does not affect function of primary human T 

cells. 

Fig. S9. Signaling and biochemical pathway characterization of the PD-1 iCAR. 

Legend for movie S1 

Table S1. Raw data and statistical significance testing for Fig. 2. 

Table S2. Raw data and statistical significance testing for Fig. 3. 

Table S3. Raw data and statistical significance testing for Fig. 4. 

Table S4. Raw data and statistical significance testing for Fig. 5. 

 

Other Supplementary Material for this manuscript includes the following:  

(available at 

www.sciencetranslationalmedicine.org/cgi/content/full/5/215/215ra172/DC1) 

 

Movie S1 (.avi format). iCAR- and CAR-expressing T cells discern targets in 

vitro. 



Supplementary Materials: 

 

Fig. S1. CTLA-4 iCAR cell surface expression is increased after T cell activation. 

(A) Cell surface and intracellular expression of CTLA4 iCAR-P on transduced primary 

human T cells (B) Western blot analysis using an antibody specific for the intracellular 

domain of CTLA4 on untransduced (2) and CTLA4 iCAR-P transduced (1) primary 

human T cells.  Murine EL4 cells (3) served as negative control. (C) 1928z/CTLA4 iCAR 

T cells were activated using 3T3-19 AAPCs and analyzed for cell surface CTLA4 iCAR 

expression at 7hrs and 30hrs post activation (n=3).  



Fig. S2. iCAR-P bind to PSMA expressing cells. (A) EL4-wt or EL4- PSMA cells, 

labeled with the lipophilic DiD dye, were incubated with iCAR/GFP expressing T cells in 

a cellular conjugation assay. Conjugates are detected by flow cytometry as DiD/GFP 

double positive events.  



Fig. S3. Allogeneic reactivity model using iPS-derived fibroblasts and isogenic 

moDCs. (A) Induced pluripotent stem (iPS) cells were generated from Donor 1 PBMCs 

and used to derive fibroblasts. Donor 1 PBMCs were also used to derive moDCs, which 

were pulsed with fibroblast lysates and could prime an allogeneic reaction from a second 

donor’s PBMCs. (B) Microscopy picture showing the morphology of teratoma-derived 

iPS-fibroblasts grown in culture. (C) iPS-fib, lacked expression of pluripotency markers, 

displayed fibroblast morphology, and stained positive for several fibroblast cell surface 

markers including CD90, PDGFr-b2, and CD10. (RED=isotype control; BLUE and 

GREEN are two independent isolated lines) (D) iPS-fib basally stained positive for HLA 

class I, but not class II, and rapidly upregulated expression of both upon recombinant INF 

gamma treatment.  



Fig. S4. Potent reactivity of iCAR-transduced primary human T cells against 

allogeneic iPS-derived fibroblasts. (A) iCAR transduced T cells from one donor were 

primed with moDCs pulsed with iPS-fib lysates of a different donor, and 6 days later 

stained for the activation markers CD25 and HLA-DR. (B) Twice primed iCAR 

transduced T cells were incubated for 18hrs with iPS-fib-luc and killing was quantified 

using the Bright-Glo assay system (n=3 for each condition). (C) Cytokines were 

measured at 18hrs in the cell culture supernatant from (B) at 4:1 E:T ratio. Error bars 

represent +/- SEM. Statistical comparison was carried out within each condition (ie T�T 

). ***p<0.001 by Student’s t test.   



 

 

 

Fig. S5. Transduction and sorting strategy of iCAR or 19-28z/iCAR T cells.  (A) 

PD1-iCAR(GFP) or Pdel (GFP) transduced T cells were sorted for transgene expression 



based on GFP expression level. Each donor represents a separate experiment. Post sort 

analysis was carried out to confirm purity. (B) 19-28z (LNGFR)/iCAR(GFP) or 19-

28z/Pdel/GFP transduced T cells were sorted for transgene expression based on GFP 

expression and LNGFR level. Each donor represents a separate experiment. Post sort 

analysis was carried out to confirm purity and iCAR expression. 

 

 

 

 

 



Fig. S6. Sorting strategy of low/high iCAR–expressing T cells and PSMA-expressing 

iPS fibroblasts. (A) PD1-iCAR/GFP or Pdel/GFP transduced T cells were sorted for low 

or high transgene expression based on GFP expression level. (B) iPS-derived fibroblasts 

(iPS-fib) were transduced to express PSMA and sorted using an anti-PSMA antibody 

(iPS-fib-PSMA sort bulk+). These cells were used for experiments in Fig. 2 and 4. A 

second separate sort was used to purify low or high surface PSMA expressing iPS-fib 

using an anti-PSMA antibody and these cells were used in experiments in Fig. 3.  

 



Fig. S7. iCARs inhibit 19-28z–driven human T cell cytokine release and 

proliferation. (A) Representative INFγ cytokine analysis of supernatants at 24h and 48h 

post seeding of dual sorted 1928z/Pdel or iCAR transduced human T cells on CD19 

(target) or CD19/PSMA (off-target) positive AAPCs. Data represented as a ratio of off-

target/target values and are pooled from three independent experiments. (n=6 wells per 

condition). Error bars represent +/- SEM. (B) Absolute counts of double positive 

1928z/Pdel or iCAR T cells stimulated on day 0 and 7 with CD19+ (target) AAPCs. 

 

 

 



Fig. S8. Basal expression of iCARs does not affect function of primary human T 

cells. (A,B) Seven days post transduction with 1928z/iCAR, T cells were activated with 

CD3/CD28 beads and IL-2/INFy levels were assessed after 24hrs (C). At eight days after 

bead activation, absolute T cell expansion was quantified using CountBright beads (D) 

and the change in the percent of GFP positive cells in each iCAR group was normalized 

relative to unstimulated cells. (E)1928z/ iCAR T cells were co-cultured for five days with 

irradiated EL4-WT or EL4-PSMA cells and immunophenotyped using flow cytometry.  

 

 



 

Fig. S9.  Signaling and biochemical pathway characterization of the PD-1 iCAR. 19-

28z/PD-1 iCAR cells were exposed to AAPCs expressing no antigen (WT), CD19 

(Target), or CD19 and PSMA (Off-Target) at an E:T ratio of 4:1 for 60min. (A) Human 

Phospho-Immunoreceptor Array incubated with 100 µg of lysate from 19-28z/PD-1 

iCAR T cells and respective AAPCs. All blots were detected using chemiluminescence 

on the same X-ray film to standardize exposure levels. (B,C) Quantification of arrays in 



(A) using scanned X-ray film images analyzed using image analysis software. All pixel 

density is normalized on each array using internal pY controls. (B) SHP1 and SHP2 

phosphorylation states on target, off-target, or control AAPCs. (C) Quantification of 

phosphorylation levels of 59 ITAM/ITIM-associated immunoreceptors.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Movies S1: iCAR- and CAR-expressing T cells discern targets in vitro. (A, B) 19-

28z/Pdel (A) or 19-28z/PD1 iCAR-P (B) T cells were incubated with a 1:1 mix of target 

(GFP+) and off- target (mCherry+) AAPCs and time-lapse microscopy was used to 

visualize real-time killing of each population for 38 hours. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table S1. Raw data and statistical significance testing for Fig. 2. (A) Killing of the 

iPS-fibroblasts was quantified using the Bright-Glo assay system for Pdel, PD-1, or 

mutCTLA-4 iCAR-P transduced T cells. (B) Cytokine secretion in cell culture 

supernatants from (A) at 4:1 E:T ratio was assessed at 18hrs. (C) Pdel or iCAR positive T 



cells were incubated for 24hrs with off-target iPS-fib expressing PSMA (iPS-fib-PSMA) 

and luciferase signal was quantified. (D) Posthoc analysis for (C) was carried out using 

multiple t-tests corrected with the Holm-Sidak method.  (E) Cytokine secretion measured 

at 24hrs in cell culture supernatants from (C). Raw values for GM-CSF are presented. 

E:T ratio, effector: target ratio.  

 

 

 



 

Table S2. Raw data and statistical significance testing for Fig. 3. (A) Killing of iPS-

fib-PSMA relative to untreated cells was assessed by using the Bright-Glo assay system 

for sorted high and low Pdel or PD1 iCAR-P transduced alloreactive T cells. Posthoc 

analysis was carried out using multiple t-tests corrected with the Holm-Sidak method. (B) 

PD1 iCAR-P transduced alloreactive T- cells killing of iPS-fib-PSMA sorted for high or 

low levels of PSMA expression was quantified using the Bright-Glo assay system. 

Posthoc analysis was carried out using multiple t-tests corrected with the Holm-Sidak 

method.  



Table S3. Raw data and statistical significance testing for Fig. 4. (A) Bioluminescent 

imaging (BLI) of iPS-fib-PSMA before and at selected time points after T cell infusion. 

(B) Posthoc analysis was carried out using multiple t-tests corrected with the Holm-Sidak 

method. 



Table S4. Raw data and statistical significance testing for Fig. 5. (A) Luminex 

multiplex cytokine analysis of culture supernatant at 24h, data are represented as a ratio 

of off-target/target values and pooled from three independent experiments (n=6 wells per 

condition). Posthoc analysis was carried out using multiple t-tests corrected with the 



Holm-Sidak method. (B) Posthoc analysis was carried out using multiple t-tests corrected 

with the Holm-Sidak method for Fig. 5B comparing the proliferation of 19-28z/Pdel and 

19-28z/PD1 iCAR. (C) Quantification of mCherry signal against CD19 targets or CD19-

PSMA off-target cells, as described in Methods. Posthoc analysis was carried out using 

multiple t-tests corrected with the Holm-Sidak method. 

 

 




