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Figure 2. SynNotch Receptors Can Drive Antigen-Induced Custom Cytokine Programs

(A) CAR activation drives CD4+ T cells to produce a diverse set of cytokines.

(B) A scatter plot showing the level (pg/mL) of 24 cytokines (see C for list of cytokines) produced by primary human a-CD19 CARCD4+ T cells activatedwith target

CD19+ K562 cells (y axis) or negative control CD19� K562s (x axis) after 24 hr of stimulation (n = 3, error bars, SEM). The level of 24 cytokines produced by CD4+

a-CD19 CAR T cells stimulated by target CD19+ K562s (n = 3, error bars, SEM).

(legend continued on next page)
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Figure 3. SynNotch Receptors Can Drive Antigen-Dependent Skewing of T Cell Differentiation to the Anti-tumor Th1 Fate

(A) When CD4+ T cells are activated through engagement of pathogen-derived peptides presented by MHC molecules on antigen-presenting cells they

differentiate into particular T cell subtypes depending on the infection. Th1 and Th2 are canonical CD4
+ T cell fates that drive different immune responses. Th1 cells

express the transcription factor Tbet, produce IFNg, and aid in cellular immunity and tumor clearance. Th2 cells produce IL-4, an important cytokine for stimulation

of antibody production by B cells.

(B) CD4+ a-CD19 synNotch T cells were engineered to regulate the expression Tbet and thus Th1 fate choice by T cells. The synNotch T cells were co-culturedwith

target CD19+ or non-target CD19� K562 cells for 11 days to determine if synNotch driven Tbet expression could skew CD4+ T cells to Th1 fate in a CD19-

dependent manner.

(C) Histograms showing the selective expression of Tbet T2A EGFP after 24 hr of CD4+ a-CD19 synNotch T cells with CD19+ K562s (representative of at least

three experiments).

(D) Two-dimensional dot plots of intracellular stained CD4+ a-CD19 synNotch Gal4VP64 T cells for Tbet and IFNg after 11 days of culture with either CD19+ or

CD19� K562s. T cells were stimulated with PMA/Ionomycin for 4 hr prior to staining to drive cytokine production (representative of at least three experiments).

(E) The percentage of IFNg+ (Th1) T cells after 11 days of the indicated treatment (nR 3 for all treatments, error bars, SEM, significance determined by Student’s t

test, n.s. p R 0.05).

See also Figure S3.
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Figure 5. SynNotch T Cell Delivery of Immunotherapeutics: Antibodies, Adjuvants, and Immunosuppressive Agents

(A) CD4+ T cells were engineered with the a-GFP synNotch controlling the expression of pembrolizumab (a-PD-1 HA) and a myc-tagged a-CTLA4 scFv (both

antibodies were expressed as a single transcript with a T2A sequence between). After 24 hr of stimulation of the T cells with surface GFP+ or GFP� K562s, the

(legend continued on next page)
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#E2312). Primary T cells were thawed the same day, and after 24 hr in culture, were stimulated with Dynabeads Human T-Activator

CD3/CD28 (Life Technologies #11131D) at a 1:3 cell:bead ratio. At 48 hr, viral supernatant was harvested and the primary T cells were

exposed to the virus for 24 hr. At day 4 post T cell stimulation, Dynabeads were removed and the T cells expanded until day 9 when

they were rested and could be used in assays. T cells were sorted for assays with a FACs ARIA II.

Cancer Cell Lines
The cancer cell lines used were K562 myelogenous leukemia cells (ATCC #CCL-243), Daudi B cell lymphoblasts (ATCC #CCL-213),

MCF7 adenocarcinoma breast cancer cells (ATCC #HTB22), and HCT116 colon cancer cells (ATCC #CCL-247). K562s were lenti-

virally transduced to stably express human CD19 at equivalent levels as Daudi tumors. CD19 levels were determined by staining

the cells with a-CD19 APC (Biolegend #302212). K562s were also transduced to stably express surface GFP (GFP fused to the

PDGF transmembrane domain). All cell lines were sorted for expression of the transgenes.

In Vitro Stimulation of synNotch T Cells
For all in vitro synNotch T cell stimulations, 2x105 T cells were co-cultured with sender cells at a 1:1 ratio. After mixing the T cells and

sender cells in round bottom 96-well tissue culture plates, the cells were centrifuged for 1min at 400xg to force interaction of the cells

and the cultures were analyzed at 24 hr for reporter expression or expression of custom gene induction via flow cytometry with a BD

LSR II. All flow cytometry analysis was performed in FlowJo software (TreeStar).

Luminex MAGPIX Cytokine Quantification
Primary CD4+ T cells expressing the a-CD19 synNotch Gal4VP64 receptor and 5x Gal4 response elements controlling either human

IL-2, IL-10, IL-12, or IL-2/MIP-1a expression were stimulated as described above with K562 myelogenous leukemia cells (CD19- or

CD19+). As references, CD4+ T cells expressing the a-CD19 4-1BBz CAR were stimulated along with untransduced T cells stimu-

lated with a-CD3/CD28 Dynabeads at a 1:3 ratio. The supernatant was collected at 24 hr and analyzed with a Luminex MAGPIX (Lu-

minex) Human Cytokine Magentic 25-plex Panel (Invitrogen ref#LHC0009M) according to the manufacturer’s protocol. All cytokine

levels were calculated based on standard curves with Her2 software (Luminex).

IL-2 Intracellular Cytokine Staining and CD69 Staining
synNotch T cells controlling IL-2 production were assayed to determine if they basally produced IL-2 by intracellular cytokine stain

(ICS). The synNotch T cells and untransduced T cell controls were cultured for 6 hr in the presence of GolgiPlug (BD Biosciences

#555029). The T cells were then stained with a-IL-2 FITC (BD #340448) with a BD Biosciences ICS kit (#555028). The levels of

IL-2 were analyzed via flow cytometry with a BD LSRII.

To assess whether synNotch receptors activated the T cells, the T cells were stained after stimulation for the activation marker

CD69. CD69 expression was determined by staining the cells with a-CD69 APC (Biolegend #310910).

synNotch Driven T Cell Differentiation
Primary human CD4+ T cells were stimulated with Dynabeads Human T-Activator CD3/CD28 as described above. To differentiate

T cells into the Th1 subset during the activation, the cells were cultured as described above but with the addition of 2.5 ng/mL recom-

binant IL-12 (R&D Systems) and 12.5 mg/mL a-IL-4 clone MP4-25D2 (BD Pharmigen #554481). IL-12 and a-IL-4 were added at least

twice weekly. In parallel, primary CD4 T cells were lentivirally transduced to express human Tbet T2A mCherry (TBX21, NCBI

#EAW94804.1) and cultured normally in T cell medium supplemented with IL-2. CD4+ T cells expressing the a-CD19 synNotch

Gal4VP64 receptor and 5x Gal4 response elements controlling Tbet T2A GFP expression were cultured in the presence of CD19-

or CD19+ K562 sender cells 24 hr after viral transduction. The synNotch T cells were cultured in the presence of K562s in T cell

medium supplemented with IL-2. All T cells were cultured for 11 to 14 days and then subject to intracellular cytokine staining

(ICS) to determine the percentage of Th1 T cells.

For ICS, the T cells were first treated with 50 ng/mL Phorbal myristate acetate and 1 mg/mL ionomycin (both from Sigma) for 6 hr in

the presence of GolgiPlug. The T cells were then stained with a-Tbet BV421 (Biolegend #644816) and a-IFNg APC (Biolegend

#502512). The levels of Tbet and IFNg were analyzed via flow cytometry with a BD LSRII.

Sensitivity of Cancer Cell Lines to Recombinant TRAIL and synNotch Driven TRAIL Production in Primary T Cells
HCT116 colon cancer cells and K562s were treated with recombinant TRAIL (from 1 to 200 ng/mL, 1:2 dilution series) for 24 hr (RND

Systems #375-TEC-010). The cells were then harvested and stained with the live/dead stain, SYTOX Blue (Thermo Scientific

#S34857) and the fraction of dead cells was determined by flow cytometry on a BD LSR II. The level of the death receptor 4

(DR4) expressed by K562s was assessed by staining with a-TRAIL R1 (DR4) APC (Biolegend #307208).

For synNotch driven TRAIL cytotoxicity assays, primary human CD4+ T cells were transduced to express the a-GFP nanobody

(LaG17) synNotch Gal4VP64 receptor and 5x Gal4 response elements controlling the expression of LZ-TRAIL or cell surface wild-

type TRAIL. The synNotch TRAIL killer cells were co-cultured with surface GFP+ or GFP- K562s for 24 hr and death was determined

by staining with SYTOX Blue. Surface levels of TRAIL was determined by staining T cells with a-TRAIL (CD253) APC (Biolegend

#308210). Production and secretion of LZ-TRAIL was determined by TRAIL ELISA (R&D systems #DTRL00).
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used for all in vivo mouse experiments. Primary CD4+ and CD8+ T cells expressing the a-CD19 synNotch Gal4VP64 receptor and 5x

Gal4 response elements controlling human IL-2 IRES mCherry were sorted and used in the experiments.

For in vivo synNotch driven localized IL-2 production experiments, NSGmice were injected on day 0 with 5x106 CD19- and CD19+

K562s subcutaneously on the left flank and right flank of the mice, respectively. The tumors were allowed to establish for 4 days and

T cells were injected via the tail vein (i.v.) on day 4 or intratumoral on day 8. The T cells were suspended in PBS for all injections. CD4+

and CD8+ synNotch T cells were injected at a 1:1 ratio. For i.v. injections, 6x106 total T cells were injected, and for intratumoral

injections, 5x105 total T cells were injected.

Tumors were harvested at day 10 into RPMI supplemented with 1% FBS (UCSF Cell Culture Core). The tumors were then minced

by razor blade and digested for an hour in RPMI with 0.1 mg/mL DNase (Roche #10104159001) and 0.2 mg/mL collagenase P

(Roche # 11249002001) at 37�C. After incubation, the digested tumors were passed over a 75 mm cell strainer and the tumor cells

were collected by centrifugation. The cells were then treated with red blood cell lysis buffer (Biolegend #420301) and washed

with PBS. The tumors were then stained with a LIVE/DEAD Green (Thermo Scientific #34969) and a-CD4 A647 (BD 557707) and

a-CD8 BV786 (BD #563823) to analyze the tumor infiltrating T cells. Expression of IL-2 IRES mCherry was assessed in the CD4+

and CD8+ T cell populations with a BD LSR II.

For in vivo synNotch driven localized Blinatumomab experiments, NSG mice were injected on day 0 with 5x106 CD19+ only and

surface GFP/CD19+ K562s subcutaneously on the left flank and right flank of the mice, respectively. The tumors were allowed to

establish for 4 days. Primary human CD4+ and CD8+ T cells (6 3 106 total T cells 1:1 CD4+ and CD8+ T cells) transduced with

the a-GFP nanobody (LaG17) synNotch Gal4VP64 receptor and 5x Gal4 response elements controlling the a-CD19/CD3 BiTE,

Blinatumomab, expression or untransduced T cells were injected via the tail vein (i.v.) on day 4. Tumor growth was monitored by

caliper for 25 days after tumor cell implantation.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical significance was determined by Student’s t test (two-tailed) unless otherwise noted. All statistical analysis was performed

with Prism 7a (Graphpad) and p values are reported (n.s. = p > 0.05, * = p% 0.05, ** = p% 0.01, *** = p% 0.001, **** = p% 0.0001). All

error bars represent either SEM or SD.
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Supplemental Figures

α-CD19 synNotch Gal4VP64 T cells
with 5xGal4UAS tBFP PGK mCherry
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