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Figure 1. CRISPR/Cas9 genome editing technology. (A) The Cas9 enzyme is an RNA-guided DNA endonuclease that uses a bound o® OF T 40 .
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IB: p-AKT Figure 5. BRAF inhibitor resistance of A375 RAS isogenic lines in 2D and 3D tissue culture. (A) Dose-response curves for the BRAF inhibitors dabrafenib G13D both with and without interferon stimulation makes

and vemurafenib in A375 WT and NRAS Q61K isogenic cell lines grown in 2D cell culture and treated with the indicated drug for 72h. (B) Dose-response this cell line of further use 'r.‘ theoscreenm_g of new small
. curves for dabrafenib and vemurafenib in A375 WT and KRAS G13D isogenic lines grown in 2D culture and treated with drug for 72h. (C) BRAF inhibitor molecule compounds and biologics targeting the
IB: PD-L1 resistance of NRAS Q61K and KRAS G13D cell lines in 3D cell culture. 500 cells were seeded in each well of a 96-well ULA Spheroid Microplate and grown PD-l/PD-Ll system.
for 72 hours in the absence of drugs to allow for spheroid formation. Spheroids were then treated with the indicated concentration of BRAF inhibitor for
an additional 72 hours. Finally, spheroids were stained with 2.0 uM calcein AM green and live-cell nuclear stain for three hours and imaged by confocal

Figure 2. Mechanism of aquired drug resistance in BRAF V600E melano-
mas. BRAF V600E melanoma cells chronically treated with BRAF inhibi-
tors aquire drug resistance by switching between the three isoformas of

RAF (ARAF, BRAF, and CRAF) to activate the MAPK pathway for further IB: GAPDH microscopy on a high-content platform. Images were aquired using a 10x objective and each image represents a confocal Z-stack projection of 20 15-mi- R f

cell proliferation and survival. Increasing growth factor receptor signaling cron Z-slices for a total depth-of-field of 300 microns. (D)The resulting composite spheroid images were then analyzed in the green and blue channels for ererences

or reactivation of the MAPK pathway may thus allow for drug resistance. 20 ug Loaded spheroid size/viability and nuclei count, respectively. Left: enlarged dual channel image of purple-boxed A375 WT spheroid from (C). Center: each spher-

This can occur following aquisition of activating mutations such as NRAS oid was identified and segmented as a single primary object in the green channel (pink outline), and the spheroid object area and total calcein AM green 1. Ran F, et al. Genome engineering using the CRISPR-Cas9 system. Nat Protoc

Q61K and MEK C1212S, as well as elevated basal expression of other key Figure 4. RAS-RAF-MAPK signaling in A375 RAS isogenic lines in 2D and 3D signal intensity were calculated. Right: each nucleus within the spheroid was then identified segmented in the blue channel (green outlines) and the ' 8(1’1): 2981-308. 2013 '

components of the pathway. tissue culture. Total cellular protein was harvested from A375 wild-type and number of nuclei visible in each spheroid was reported. (E) Results from (D) were then normalized to the undrugged condition for each cell line and plot- 5 synches-Laorden ’B, et al. BRAF inhibitors induce metastasis in RAS mutant
isogenic cells grown either in a 2D mono-layer or in a 3D culture format for ted. Spheroid Object Area represents the total area of the spheroid calculated as the primary object in the green channel. (F) Spheroid Metabolic Activity or inhibitor-resistantt melanoma cells by reactivating MEK and ERK signaing.
seven days. The resulting protein was then analyzed by immunoblotting with represents the total signal intensity detected in the green channel within the primary object. (G) Spheroid Nuclei Count represents the number of objects Sci Signal 7(318): ra30, 2014.

- - - antibodies against EGFR, MEK, pMEK, ERK1/2, pERK1/2, AKT, pAKT, PD-L1, and segmented in the blue channel that also fell within the primary object segmented in the green channel. Statistical comparisons were performed by 3. Dong H, et al. Tumor-associated B7-H1 promotes T-cell apoptosis: A potential
Cell proliferation, cell survival GAPDH. two-way ANOVA with N = 3 or more spheroids for each sample. mechganism of immune evasion. Nat Med 8: 793-800, 2002.
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