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Supplementary Data 

 

 

Supplementary Figure 1. Activity of the CD4 T cell population from the same dataset as in Fig. 

2E-F. A-B, Primary human T cells modified with the HLA class I restricted CDK4 TCR and either 

the Zap70-PD1-SMASh switch (A), or vector control (B), were pretreated with 10 μM asunaprevir 

or DMSO control. Data depict intracellular IFNγ, IL2, TNFα and cell surface LAMP1 expression 

of CDK4 TCR+, EGFP high, CD4+ T cells upon co-culture with CDK4 peptide loaded T2 cells in 

the continued presence or absence of asunaprevir. Error bars represent standard deviation (n=3). 

Data are representative of two independent experiments. 



 2 

 

 

Supplementary Figure 2. Control of NY-ESO-1 TCR-modified T cell function by CRASH-IT. A-

D, Primary human T cells modified with the intermediate affinity HLA class I restricted NY-ESO-

1 TCR and either the Zap70-PD1-SMASh switch (A, C), or vector control (B, D), were pretreated 

with 10 μM asunaprevir or DMSO control. Data depict intracellular IFNγ, IL2, TNFα and cell 

surface LAMP1 expression of NY-ESO-1 TCR+ EGFP high CD8+ (A-B) and CD4+ (C-D) T cells 

upon co-culture with NY-ESO-1 peptide loaded T2 cells in the continued presence or absence of 

asunaprevir. Error bars represent standard deviation (n=3). Data are representative of two 

independent experiments. 
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Supplementary Figure 3. Titratable two-way control of T cell function. A, Schematic diagram of 

experimental setup. T cells were pretreated for 24 hours with the asunaprevir concentrations 

indicated in (B-C) and then either used directly (B-C) or cultured for 72 hours in the absence of 

drug (D). B-C, Effect of asunaprevir treatment on functional output of CD8+ (B) and CD4+ (C) T 

cells upon co-culture with T2 cells loaded with 10 nM CDK4 peptide in the continued presence or 

absence of the indicated asunaprevir concentrations. D, T cells pretreated with 2.5 μM asunaprevir 

or DMSO control were cultured for 72 hours in the absence of drug and were then either treated 

with 2.5 μM asunaprevir or DMSO control and co-cultured with 10 nM CDK4 peptide loaded T2 

cells in the continued presence or absence of drug. Note that a first treatment with asunaprevir 

does not prevent subsequent inhibition of T cell function by the switch in the absence of drug 

(compare +/- and -/-), and that release of inhibition by asunaprevir is not influenced by prior release 

of inhibition (compare -/+ and +/+). (B-D) Data depict intracellular IFNγ, IL2, TNFα and cell 
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surface LAMP1 expression. Error bars represent standard deviation (n=3). Data are representative 

of two independent experiments.  
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Supplementary Figure 4. PD1 tail and degron are crucial for drug inducible control of T cell 

function. A-D, Primary human T cells modified with the HLA class I restricted CDK4 TCR and 

either Zap70-PD1-SMASh (A), Zap70 2xSH2 domains-SMASh (B), Zap70-PD1-SMASh-delta 

that lacks the degron sequence (C), or vector control (D), were pretreated with 10 μM 

asunaprevir or DMSO control. Data depict intracellular IFNγ, IL2, TNFα and cell surface 
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LAMP1 expression of CD8+, CDK4 TCR+, EGFP high T cells upon co-culture with Mel526 

and NKIRTIL006 (NKI) tumor cells that express the mutant CDK4 epitope at low and high 

levels respectively, or with MM90904 tumor cells that express the wild type CDK4 epitope, in 

the continued presence or absence of asunaprevir. Note that the degron sequence is critical for 

restoration of T cell function (compare C and A), and that the PD1 tail is essential for tight 

control (compare B and A). Error bars represent standard deviation (n=3). Data are 

representative of two independent experiments.  
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Supplementary Figure 5. Tuning of inhibitory switches by N-terminal modification. A-B, Primary 

human T cells modified with the HLA class I restricted CDK4 TCR and either Zap70-PD1-

SMASh, N-terminal alanine added tuned Zap70-PD1-SMASh, or vector control were pretreated 

with 10 μM asunaprevir or DMSO control. Data depict intracellular IFNγ, IL2, TNFα and cell 

surface LAMP1 expression of CDK4 TCR+, EGFP high CD8+ (A) and CD4+ (B) T cells upon 

co-culture with NKIRTIL006 cells in the continued presence or absence of asunaprevir. Note that 

the tuned Zap70-PD1-SMASh switch yields near-equivalent inhibition of CD4+ T cell function in 

the absence of asunaprevir and substantially increased restoration of T cell function in the presence 

of asunaprevir. C-D, Primary human T cells modified with the HLA class II restricted CMV TCR 
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and either tuned Zap70-PD1-SMASh (C), or vector control (D), were pretreated with 10 μM 

asunaprevir or DMSO control. Data depict intracellular IFNγ, IL2, TNFα and cell surface LAMP1 

expression of CMV TCR+, EGFP high CD4+ T cells upon co-culture with CMV peptide loaded 

CBH 5477 cells in the continued presence or absence of asunaprevir. Error bars represent standard 

deviation (n=3). Data are representative of two independent experiments.  
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Supplementary Figure 6. Comparison of cytokine production and cytotoxicity of FKBP12F36V-

based versus SMASh-based switch expressing T cells. A-C, Primary human T cells modified with 

the CDK4 TCR and either Zap70-PD1-SMASh, Zap70-PD1-FKBP12F36V or vector control were 

pretreated with the indicated concentrations of the HCV NS3/4A protease inhibitors asunaprevir 

(A) or grazoprevir (B), or the dTAG-13 PROTAC (C). Data depict intracellular IFNγ, IL2, TNFα 

and cell surface LAMP1 expression of CDK4 TCR+, EGFP high CD4+ T cells upon co-culture 

with NKIRTIL006 tumor cells in the continued presence of indicated concentrations of 

asunaprevir, grazoprevir, or dTAG-13. D-E, Regulation of T cell cytotoxicity with a small-

molecule controlled Zap70-PD1-SMASh switch. Primary human T cells modified with the HLA 

class I restricted CDK4 TCR and either Zap70-PD1-SMASh (D) or vector control (E) were sorted 

for CD8 and high EGFP expression, expanded using the REP protocol, and then pretreated with 
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10 μM asunaprevir or DMSO. Data depict 51Cr release from labelled NKIRTIL006 tumor cells 

upon co-culture with sorted CD8+ CDK4 TCR+ EGFP high T cells in the continued presence or 

absence of asunaprevir. Error bars represent standard deviation (n=3). Data are representative of 

two independent experiments.  
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Supplementary Figure 7. Small molecule-mediated degradation of Zap70-PD1-FKBP12F36V and 

regulation of T cell activity upon repetitive activation-deactivation cycles. A-B, Intracellular HA 

staining of primary human T cells modified with an N-terminal HA tagged Zap70-PD1-

FKBP12F36V switch or vector control. Effect of prior dTAG-13 exposure on HA signal is 

depicted for EGFP high CD8+ (A) and CD4+ (B) cells. C, Schematic overview of experimental 

setup. Primary human T cells modified with the CDK4 TCR and either Zap70-PD1-FKBP12F36V 

or vector control were treated with 0.5 μM dTAG-13 (red bars) at the indicated timepoints before 

co-culture with antigen-expressing tumor cells. D-E, T cells treated as indicated in (C) were 

subsequently treated with 0.5 μM dTAG-13 or DMSO control for 24 hours. Data depict 

intracellular IFNγ, IL2, TNFα and cell surface LAMP1 expression of CRASH-IT switch 

expressing (D) or vector control (E) CD8+, CDK4 TCR+, EGFP high T cells upon co-culture 

with NKIRTIL006 cells in the continued presence or absence of dTAG-13. Error bars represent 

standard deviation (n=3). Data are representative of two independent experiments. 
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Supplementary Figure 8. Control of endogenous TCR function by CRASH-IT. A-F, Primary 

human T cells modified with either Zap70-PD1-FKBP12F36V (A,C,E), or vector control (B,D,F) 

were pretreated for 24 hours with 0.5 μM dTAG-13 or DMSO control. Data depict intracellular 

IFNγ, IL2, TNFα and cell surface LAMP1 expression of CD8+ EGFP high (A-B), EGFP 

intermediate (C-D) and EGFP low (E-F) T cells upon culture with or without plate bound anti-

CD3 or anti-CD3/CD28 antibodies in the continued presence or absence of dTAG-13. EGFP 

expression profiles of switch expressing CD8 cells are depicted in (G). Error bars represent 

standard deviation (n=3). Data are representative of two independent experiments. 


